Introduction
Building research capacity and embedding research into core business have been recognized internationally as a priority for health care organizations due to benefits these bring for patients, clinicians, organizations, and society more broadly.
1,2 For example, clinician engagement in research supports the production and translation of research evidence to positively influence health care policy and practice. [3] [4] [5] A recent systematic review found that among health care organizations in the USA, UK, and Germany, higher levels of research activity were positively associated with increased organizational efficiency, improved staff satisfaction, reduced staff turnover, improved patient satisfaction, and decreased patient mortality rates. 6 correspondence: Janine Matus allied Health, gold coast Health, 1 Hospital Boulevard, gold coast, southport, QlD 4215, australia Tel +61 7 5687 0147 Fax +61 7 5687 7880 email matusjanine@gmail.com
Research capacity building has been defined as "a process of individual and institutional development which leads to higher levels of skills and greater ability to perform useful research". 7 In a health care setting, useful research generates knowledge that translates into sustainable benefits for patients, clinicians, and the community. 8 Multiple factors have been found to influence research capacity within an organization, including its culture. 9, 10 Organizations seeking to improve their research capacity and culture require valid, reliable, and resource-efficient methods of measuring change over time, so that the outcomes of research capacity building initiatives can be rigorously evaluated. Cooke 5 suggested that a framework for evaluating research capacity building should assess individual, team, and organizational levels and be inclusive of both output and process measures. Output measures are useful for capturing the ultimate goals of research activity, such as the creation of useful research evidence, which informs practice and leads to improved health outcomes, and may include measures such as changes in the number of peer-reviewed journal publications and conference presentations, higher degree research qualifications, and amount of competitive grant funding. 11 In contrast, process measures may capture smaller steps toward achieving these outputs, such as organizational culture shifts and changes in clinicians' research experience, knowledge, skills, attitudes and confidence, partnerships, and the number of grant applications and research protocols developed. 5, 12 It has been suggested that process measures may be more sensitive and could be used as a complement to output measures, 13 especially among research emergent professions, which may find it difficult to attract competitive grants and publish in peer-reviewed journals. 12 Allied health professionals (AHPs), including physiotherapists, occupational therapists, speech pathologists, psychologists, dieticians, social workers, and podiatrists, represent a substantial proportion of the clinical workforce who are neither doctors or nurses.
14 Although AHPs have reported that they are motivated and interested in conducting research, [15] [16] [17] [18] their research culture and engagement remain limited due to a number of barriers. 10 Multiple studies have evaluated these barriers as well as the overall research capacity, culture, and engagement of AHPs using a range of tools including the Research Spider; 12, 15, [19] [20] [21] [22] the Research Knowledge, Attitudes and Practices of Research Survey; the Edmonton Research Orientation Survey; and the Barriers to Utilization Scale. 10 These tools are however limited in that they only evaluate research capacity at an individual level and not at team or organizational levels, failing to provide the recommended "whole of organization" approach. 5 In contrast to the other available tools, the Research Capacity and Culture (RCC) tool measures indicators of research capacity and culture at the level of individuals as well as teams and organizations. It has been developed for the purpose of conducting needs assessment and planning and evaluating research capacity building interventions. 23 The RCC tool has been validated in an Australian health care context with data from 134 AHPs, demonstrating strong internal consistency (Cronbach's alpha of 0.95, 0.96, and 0.96 and factor loading ranges of 0.58-0.89, 0.65-0.89, and 0.59-0.93 for Organization, Team, and Individual domains, respectively) and high test-retest reliability (intraclass correlation coefficient of 0.77-0.83). 23 Several studies have used the RCC tool to measure the research capacity and culture of AHPs. [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] Most of these studies used the RCC tool to measure baseline levels of skill, success, barriers and motivators, and research activity and to identify priorities and inform recommendations for future research capacity building initiatives, while one study used it to evaluate changes before and after a team-based research capacity building intervention. 28 Alison et al 24 recently used the RCC tool with 276 AHPs in a large Australian metropolitan health service and conducted an exploratory factor analysis (principal component analysis [PCA] ) to identify key factors (components) influencing their research engagement. They identified two components within the Organization domain ("infrastructure for research" and "research culture"), two components within the Team domain ("research orientation" and "research support"), and one component factor within the Individual domain ("research skill of the individual"). As the study used a sample of AHPs from a single health service, the overall generalizability of their results to other health services is limited. Further use of the RCC tool and PCA, across different organizational contexts, will confirm which components are consistent across contexts.
The first aim of our study was to evaluate the current research capacity and culture among AHPs working in a large regional health service using the RCC tool. This formed part of a needs assessment to inform the development of tailored allied health research capacity building strategies to address local strengths, limitations, and priorities within this health service.
The second aim of our study was to undertake a PCA to identify key components influencing allied health research
Patients and methods
This study was designed as a cross-sectional observational study. Ethical approval was obtained from the human research ethics committee of the Gold Coast Hospital and Health Service -HREC/10/QGC/177.
sample
All 875 AHPs and 97 allied health assistants employed by Gold Coast Health (GCH) in April 2017 were invited to participate in a survey consisting of the RCC tool. Students and non-AHPs including medical and nursing staff were excluded. GCH is a publicly funded large regional health service located in Southeast Queensland, Australia, which includes two hospital facilities (750 and 364 beds) as well as outpatient and community-based services.
survey tool
A survey consisting of the RCC tool was administered via a secure online platform (SurveyMonkey ® ) and paper surveys. The tool includes 52 questions that examine participants' selfreported success or skill in a range of areas related to research capacity or culture across three domains, including the Organization (18 questions), Team (19 questions), and Individual (15 questions). Each question uses a 10-point numeric scale format where 1 is the lowest possible level of skill or success and 10 is the highest possible level of skill or success. There is also an option of "unsure". Consistent with previous studies, scores are further categorized as "low" (less than 4), "moderate" (between 4 and 6.9), or "high" (7 and above). 24, 27 The RCC tool also includes questions about perceived barriers to and motivators for undertaking research. Participants can indicate which, from a list of 18 barriers and 18 motivators, apply to themselves as individuals and within their team and to add any other items that are not included in this list. Finally, the tool includes questions about participants' demographics, work role, professional qualifications, and formal research engagement and what research activities are required and supported in their current work role. 23 For the purpose of our study, the "Team" construct in the RCC tool was defined as the participants' professional group, for example physiotherapy.
Procedures
The survey was made available for 6 weeks from early April 2017. This timeframe was a pragmatic choice as it represented two key months after the summer holidays and before increased service activity over winter. The survey took ~15 minutes to complete. The survey was widely promoted across all allied health professions using comprehensive and systematic communication strategies, including phone calls and emails to all heads of professions, email broadcasts, newsletters, and presentations at allied health leadership meetings, to enlist support from senior managers and heads of professions. Upon accessing the survey, potential participants were invited to read an electronic participant information sheet and to provide voluntary informed consent to participate. 24 so that our results are directly comparable to their results. Similar to Alison et al, an exploratory PCA was performed within each of the Organization, Team, and Individual domains to identify potential underlying themes represented by the groups of questions. Note that while Alison et al used the term factor analysis, they performed a PCA. In this study, we use the term component rather than factor. The PCAs were performed on Spearman rank correlation matrices of responses to questions asked in each domain. An oblique rotation (direct oblimin) was used as it was expected, from results of Alison et al, 24 that the components would be correlated. Components were retained based on Kaiser's criterion of the associated eigenvalues being larger than 1.0 and on inspection of scree plots. A component correlation matrix is presented for each PCA to demonstrate correlations between each component. In addition, as required following oblique rotation PCA, the regression coefficients for each component for each item (ie, question) and the correlations between each component and each item were reported. Commonly in PCA, these are referred to as the pattern matrix and structure matrix, respectively. Cronbach's alpha scores, measuring internal consistency of items within a component, were calculated for clusters of items representing each retained component. For each retained component, the initial eigenvalue and the percentage of total variance of the items that the component explained (as derived from these) are also presented. 
statistical analyses

Results
A total of 369 AHPs accessed the survey during the data collection period. Of them, four did not consent to participate in the survey, 63 provided consent but did not answer any of the questions, 44 incompletely answered the questions, and 258 completed the entire survey. In total, data from 302 AHPs were available for analysis, which represent 30% of the estimated total allied health workforce within our health service. As shown in Table 1 , most participants were working in hospital-based services. The sample included a range of pay grades and number of years of experience. Most participants had completed at least an undergraduate degree, with 35% also having completed a postgraduate qualification by coursework and 19.4% having completed a research higher degree. An additional 7.1% of participants were enrolled in a research higher degree or other professional development relating to research.
Fewer than one-third of participants (30%) considered research activities to be a part of their role description, while another one-third (32%) were unsure. The most commonly reported provisions for undertaking research activities included access to the library, software programs, research mentoring, and research training. Of the 62% participants who reported having undertaken some research activities over the preceding 20 months, the most common activities included collecting data, completing a literature review, and writing an ethics application. Further details are listed in Table S1 .
Overall, the most commonly reported barriers at both the level of individuals and teams included a lack of time, funding and suitable backfill, other competing work priorities, a lack of research skills, and concerns about the impact that engaging in research would have on work-life balance. Overall, the most commonly reported motivators included skill Tables S2 and S3 . On average, participants reported moderate-to-high levels of skill and success across all three domains, with the highest scores in the Organization domain and the lowest scores in the Individual domain. There were significant differences 
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Matus et al clinical practice (8, (6) (7) (8) (9) , encouraging research activities that are relevant to practice (8, (6) (7) (8) (9) , engaging external partners (8, (7) (8) (9) , supporting the peer-reviewed publication of research (8, (5) (6) (7) (8) (9) , and resourcing staff research training (7, (5) (6) (7) (8) . In contrast, areas of relative weakness were reported to include having funds, equipment, and administrative support for research (6, (3) (4) (5) (6) (7) and having staff career pathways available in research (6, (3) (4) (5) (6) (7) . As illustrated in Table 3 , similar areas of strength and relative weakness were also reported in the Team domain. Although there was variability between professional groups, a notable area of weakness was a lack of funds, equipment, and administrative support for research (4, 2-6).
As illustrated in Table 4 , participants considered themselves as individuals to be the most skilled at finding relevant literature (7, (6) (7) (8) , critically reviewing the literature (7, (5) (6) (7) (8) , and using research evidence to inform practice (7, (4) (5) (6) (7) (8) 
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evaluation of allied health research capacity and culture contrast, they considered themselves to be the least skilled at securing research funding (3, 1-4), writing an ethics application (3, 1-6), and writing for publication in peer-reviewed journals (3, 2-6).
The data were considered suitable for exploratory PCA as the sample size of 277-299 participants, depending on the domain, resulted in greater than the 10:1 ratio of participants to items (up to 19 in each domain) as is recommended. 35 Similarly, for each domain, a majority of inter-item correlations (Spearman's rank) were seen to be >0.3 as is recommended for PCA. 35 In fact, only four correlations, all in the Individual domain, were less than 0.3. Results from Kaiser-Meyer-Olkin (KMO) tests (Organization 0.94, Team 0.95, Individual 0.93), which estimate the proportion of variance among items that may be due to a common source, also confirmed the appropriateness (KMO score >0.6) of performing a PCA. Bartlett's test of sphericity that tests the hypothesis that the correlation matrix is an identity matrix (items are unrelated) and thus unsuitable for structure detection was also performed. P values of <0.001 for each domain, therefore, also indicated the data as being suitable for PCA. Exploratory PCAs were conducted separately for the Organization, Team, and Individual domains of the RCC tool. Both the use of Kaiser's criterion (retention of components with an eigenvalue of ≥1.0) and the scree test suggested retention of two components in each domain. As, in each case, the retained components were highly correlated (refer legends  of Tables 2-4 (Table 3) .
In our study, the Individual domain items resolved into two components, whereas Alison et al detected only one component, which they named research skill of the individual. The top ranked items in our component 1 relate to skills for planning, conducting and reporting research projects including securing research funding, writing an ethics application/research protocol, and writing for publication, while the items in our component 2 relate to skills for using research evidence including finding and critically reviewing the literature. Accordingly, we have named our component 1 "skills for conducting research" and component 2 "skills for searching and critiquing the literature" (Table 4 ).
Cronbach's alpha for each component is listed in Tables  2-4 . Each score is greater than 0.9 indicating "excellent" internal consistency for the items within each component. The initial eigenvalues and the percentage of the variance explained for each component are also shown.
Discussion
This study first aimed to evaluate the current research capacity and culture of AHPs working within a large regional health service and second to identify key components that influence research capacity and culture among AHPs. In relation to the first aim, participants generally reported moderate-tohigh levels of skill and success across the Organization, Team, and Individual domains, with the highest scores in the Organization domain and the lowest scores in the Individual domain. These findings, including the trend of lower scores in the Individual domain compared to the Team and Organization domains, are consistent with findings of previous research. [23] [24] [25] 27, 29, 30, 32, 33, 36 In relation to the second aim, two key components were found to represent the Organization domain influences on research capacity and culture, which we named "research culture" and "research infrastructure". Two components were found to represent the Team domain, namely, "valuing and sharing research" and "supporting research", and two components were found to represent the Individual domain, namely, "skills for conducting research" and "skills for searching and critiquing the literature". It should be noted however that the components within each domain were highly correlated. That is, that the concepts described by each component overlapped with those of the other. For example, "research culture" cannot be viewed as being distinct from "research infrastructure". This suggests that research capacity and culture, as measured by the RCC tool, are highly interrelated.
Compared to other studies that have used the RCC tool with multidisciplinary samples of AHPs working in publicly funded health services in Queensland, 23, 28 Victoria, 36 and New South Wales, 24 our scores were similar or higher across the Organization and Team domains and similar across the Individual domain. For example, our participants reported a higher level of engagement with external partners in both the Team domain (median 8 [5] [6] [7] [8] [9] compared to 5 [3] [4] [5] [6] [7] [8] , 24 -8] ). 23 Our participants also reported having better access to research training and experts who can provide research advice, both within their teams and their organization. 23, 24, 36 Over the past 3 years, our organization has invested considerably in research development initiatives, which may explain these results. These initiatives included the appointment of a professor of allied health and allied health research fellows, the creation of a research council and strategic research advisory committee, and increased staffing of the research office to support research development, ethics, and governance. A range of research training, mentoring, and local grant initiatives have also been implemented, which may have contributed to the higher scores reported by GCH AHPs. Furthermore, the main hospital in our health service is situated adjacent to a university, which may enhance opportunities for research collaborations with external academics. The variation in RCC tool scores seen between organizations may therefore reflect differences in their developmental level in regards to building research infrastructure and culture.
Despite some variation in RCC tool scores, the motivators and barriers reported in our study are consistent with those reported in other studies. 10, 12, 19, 25, 31 Understanding the nature of barriers, motivators, and enablers to engaging in research can help inform which research capacity building strategies should be prioritized at individual, team, and organization levels. Motivators have also been found to be more strongly associated with research activity than barriers. 32 While it is relevant to address both barriers and motivators, it might therefore be especially effective to focus on maximizing motivators, including increasing skills, career advancement, and job satisfaction.
Some of the components identified in our study are similar to those identified by Alison et al, 24 particularly within the Organization and Team domains. Interestingly, our study identified two components in the Individual domain, whereas Alison et al identified only one component. The two items in our second component ("skills for searching and critiquing the literature") generally scored higher than the items in our first component ("skills for conducting research"), which is consistent with findings of previous studies using the RCC tool with AHPs. 23, 24, 28, 33, 36 This may be because skills for searching and appraising the literature are more readily used in practice and taught as part of undergraduate university degrees compared to other skills required for planning, conducting, and reporting research projects. Indeed, previous studies have found that AHPs are generally more interested and experienced in performing earlier stages of the research process such as finding and critically reviewing the literature as compared to later stages of the research process. 15, 16 This is appropriate given that the goal of research capacity building is for all health professionals to be using research evidence to inform their practice, while some are also participating in or leading research projects. 37 A potential reason for some of the differences in our item rankings for components in the Individual and Team domains may be related to the differences in the nature of the samples used in the two studies. For example, while the sample of Alison et al had almost one-third of participants as physiotherapists and ≤4% of the sample as speech pathologists or psychologists, our study's sample included >20% of participants from these latter two professions. As professional background has been found to influence RCC tool results, 24, 32 the variation between the two samples may therefore have contributed to the differing results for the Individual and Team domains and hence the differences in the nature of the components extracted.
limitations of the rcc tool
While the RCC tool is the only validated tool to evaluate individual, team, and organizational research capacity and culture, it does have certain limitations. First, the tool is a self-report measure and may be prone to social desirability bias, which suggests that participants may provide a more positive rating of themselves than their true performance. 38 As such, the tool should ideally be used together with objective measures of research engagement and output. Second, the tool has been repeatedly modified by inclusion and deletion of items, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] without providing a rationale for deviating from the original validated version. 23 Third, previous studies used different descriptive statistics to report their results. While some studies reported mean and SD values, 25, [27] [28] [29] 32 others reported median and IQR values 23, 24, 30, 33, 36 or a combination of both. 28 Finally, previous studies had variable response rates ranging from 6% 33 to 60% 30 and some did not report their response rates. These inconsistencies make it difficult to reliably compare results between studies.
limitations of this study and future directions
This study and most previous studies using the RCC tool have achieved less than one-third response rate. 26, 27, 29, 32, 33 One reason for this may be that the RCC tool is quite time consuming to administer due to the large number of items. As the PCA results from our study and the study of Alison et al 24 indicate some redundancy in items, future research may use these results to further explore the potential for the development of a shortened version of the tool, which may improve its usability and participant response rates. It would be interesting to see if similar redundancies in items are seen in a larger range of organizational contexts.
Another potential limitation of our study was the high proportion of unsure responses to items, particularly in the Organization domain (up to 47.2%) and Team domain (up to 39.4%). This is consistent with findings of Friesen and Comino 27 who reported up to 54.6% and 60.8% unsure responses to items in the Organization and Team domains, respectively and Alison et al 24 who also reported up to 30% and 25% unsure responses to items in the Organization and Team domains, respectively. This may be attributable to participants' survey fatigue due to the lengthy number of items in the RCC tool or reflect their lack of awareness of research capacity and culture at organization and team levels. As the survey was voluntary, there is also the potential of self-selection bias whereby more research-interested AHPs completed the survey, which may limit generalizability to other AHPs. While the RCC tool to date has only been validated with AHPs, future research may aim to validate the tool with other health workforces including medical and nursing.
recommendations for health care organizations
The present study may offer some insights for health care organizations considering building their research capacity and culture. Our findings highlight the need for a whole of system approach to research capacity building, in that multilayered strategies are required at the level of individuals, teams, and organizations, which is consistent with previous recommendations. 5, 9, 28, 31, 33, 39 Indeed, at an organizational and team level, there should be consideration given to developing both research infrastructure, including research support, and aspects of research culture.
Similar barriers and motivators are commonly reported across different studies, and these should be addressed across the organizational, team, and individual levels. Any research capacity building intervention also needs to consider the developmental level of the organization and teams, thereby ensuring that research development goals are both feasible and strategic. The use of frameworks that support such strategic research capacity building may be useful in undertaking this step. 5, 28, 40 Additionally, greater attention to motivators as opposed to barriers may result in better progress. Owing to the high proportions of unsure responses reported in our study and other related studies, 24, 27 organizations should consider how they are disseminating information to teams regarding research infrastructure and culture developments to increase clinicians' awareness, visibility, and uptake of available resources and supports. Specifically, the finding of more positive ratings in the Organizational domain compared to the Team domain and particularly the Individual domain suggests that the health service may need to consider how interventions and infrastructure at higher levels are being integrated and filtered down to clinicians and managers who are working "at the coalface" in health care services. For example, at an organizational level, the items pertaining to support for research training and having funds and equipment to support research were rated 7 and 6, respectively, whereas at a team level, the same items were rated notably lower as 5 and 4, respectively. A more bottom-up approach may therefore be relevant to ensure that any organizational infrastructure is able to reach the team and individual levels. Consideration should also be given to how to address some of the areas rated as least successful at the individual level, including writing for publication, applying for grant funding, and writing an ethics application. Indeed, most of these skills are developed through the doing of research, thereby creating opportunities for clinicians to have greater exposure to research experiences, including being part of an established research team and receiving mentoring to undertake specific research tasks.
Conclusion
To develop the research capacity of the allied health workforce, ongoing support and investment of resources and infrastructure are required to implement tailored strategies targeting the level of individuals, teams, and organizations. Our study highlighted the disparity that can occur between the perceived success of research at an organizational level compared to that at the team and individual levels. Health services must consider how positive research infrastructure and culture at the organizational level are being integrated and used by AHPs, including teams and individuals. This may mean ensuring greater visibility of organizational initiatives and using organizational resources to promote opportunities and experience for clinicians to increase their research skills through doing. The RCC tool provides useful information about existing research capacity and culture as part of a needs assessment to inform tailored research capacity building interventions and establish a baseline for evaluating the effectiveness of such interventions. This study provides evidence that there is some consistency in components of research capacity and culture between two health services. Future research is indicated to investigate whether it is feasible to shorten the RCC tool by removing redundant questions, which could improve its usability. 
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